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Glycogen 

Special quality for molecular biology 



from mussels 



20 mg (1 ml), Cat. No. 901 393 



Product description 

Concentration: 20 mg glycogen/ml (in redist. water, sterile). 
Stability: stable at - 20 °G . - 

Application: This preparation is used as a carrier for the 
precipitation of nucleic acids (DNA or RNA) .(1 , 2). As an inert 
material it may replace tRNA's or sonicated DNA's. • 

20 ng glycogen ^ 1 nl solution allow to precipitate pg- 
amounts of DNA or RNA from a volume of 1 ml. *itf>V 

In a typical experiment b pg pHJ-labeled calf thymus DNA 
were dissolved in 500 n I Tns-HCi; 10 mmol/l, pH 8,0; EDTA, 
1 mmol/l; LiCI, 0 4 mol/l 1 ^1 glycogen solution ^ 20 fig 
glycogen as carrier was added and then' precipitated' with 
1.2 ml ethanol at - 20 °C and stored for 3 h at - 20 °C. 
After centrifugation (10 min at 12000 g) the total radioactivity 
was found in the precipitate. Without addition of glycogen no 
precipitation of DNA occured.. . . 

This glycogen is free from nucleic acids, proteases; DNases 
and RNases. It does not interfere with the further treatment 
of the precipitated nucleic acids with nucleases or modifying 
enzymes. 



Quality control 

For lot-specific data see label. 

Incubation buffer for the determination of contaminating 
activities: 

Tris-HCI, 50 mmol/l; MgCfc, 1 0 vmmol/l; dithioerythritol 
5 mmol/l; EDTA, 0.1 mmol/J; pH 7.2;^at 37 °G). , 

Absence of endonucleases: 

1. 1 tig A.DNA is incubated with glycogen in 25 nl incubation 
buffer for 4 h at 37 °C. The amount of glycogen that shows 
no degradation of XDNA is stated under "Endo 1". 



2. 1 ngEcoRI/H//7dllMragmentsof lDNA is incubated with 
glycogen in 25 ul. incubation buffer for 4 h at 37 °C. The 
amount of glycogen that shows no alteration of the band- 
ing pattern is stated under "Endo 2" 

Absence of nicking activity: 

1 ng pBR322 DNA is incubated with glycogen in 25 ui in- 
cubation buffer for 4 h at 37-^C, The amount of glycogen that 
L $&9.ws "Relaxing of, the supercoifed structure is stated 
under ' 7 N.ick. Act'.". • / " 

\ Absence of exonucleases: 
3 nmol of sonicated pHJDNA (cai 1 00 000 cpm/ug) from calf- 
thymus are incubated with glycogen in 100 nl incubation 
buffer for 4 h at 37 °C. The amount of glycogen that shows 
ho release of radioactivity is stated under. ' 'Exo'\ 

Absence of RNases: 

5 jig MS2 RNA are incubated with glycogen in 50 )U incuba- 
tion buffer for 4 h at 37°C. The amount of, glycogen that 
shows no alteration of the MS2 RNA banding pattern is 
stated under "RNase". t 

Absence of nucleic acids: - ; . j ■ ■ - : : J ; • 

200 ng glycogen are incubated with 6.6 nmol [y- 32 P] ATP and 
0.3 units polynucleotide kinase for 10 min at 37 °C. After 
precipitation of glycogen and washing with ethanol no radio- 
activity is found in the precipitate. r - " n ;: •• ■< v ; * 

Absence of proteases: ,, 

200 yg glycogen are used for the detection "of ^^ 
((oproteolytic activities (Endoproteinases, Test-Comt)inat|pn 
Cat No. 582433). After thcubatibh for 12 h at 37°C n6 pro- 
tease activity is observed.' 

References _ . 

1 Tracy, S. (1981) Prep. Bipchem: 11,^251 -268. 

2 Helms, C; et al. (1985) DNA 4, 39 -49, /■ 
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Report Date: 06/02/93 

Oligo Primer Design Report 

Vfc? 2 5 - £ I 

SIMPLE PRIMER ANALYSIS — 



Sequence : 5 ' -GTAGCCTGCTCTGTTGAC-3 ' 



Length: 18 

Composition: A:2 C:5 G:5 T:6 

%GC: 55 % 

Tm C: 60 C 

Secondary Structure: NO (Energy cutoff: 0.0 kcal) 

Runs: NO (Reject runs >= 3 bases) 
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A General Method of Site-Specific Mutagenesis Using a 
Modification of the Thermus aquaticus Polymerase 
Chain Reaction 1 

Richard M. Nelson and George L. Long 2 

Department of Biochemistry, University of Vermont College of Medicine, Burlington, Vermont 05405 



Received February 3, 1989 



A specific mutagenic change in the cDNA of human 
protein S was introduced by a modification of the poly- 
merase chain reaction that permits the introduction of 
a mutation at any position in a double-stranded DNA 
molecule. The method employed four synthetic oligonu- 
cleotide primers. One oligonucleotide contained a sin- 
gle-base mismatch to direct the mutagenesis; the other 
three oligonucleotides were designed to allow selective 
amplification of the mutated sequence with Thermus 
aquaticus polymerase. The mutagenized cDNA was 
cloned into a plasm id vector and transformed into Esch- 
erichia coli RYll cells for characterization. The desired 
cytosine to guanine change in the target cDNA was con- 
firmed by the predicted appearance of an Alul restric- 
tion site and by dideoxynucleotide sequencing. No other 
sequence changes were detected within the amplified 
region. This method of site-specific mutagenesis can be 
applied to any linear double-stranded DNA large 
enough for primer annealing and obviates specialized 
cloning vectors, DNA constructs, and selection tech- 
niques. It has the advantage over a recently published 
PCR technique (R. Higuchi, B. Krummel, and R. Saki 
(1988) Nucleic Acids Res. 16, 7351-7367) in requiring 
no diafiltration to remove primers between steps and in 
requiring only a single mutagenic oligonucleotide to be 
synthesized for each mutant construct made after the 

initial One. C 1089 Academic Press, Inc. 



Current methods of oligonucleotide -directed site-spe- 
cific mutagenesis involve the hybridization of a mis- 
matched oligonucleotide to a region of single-stranded 
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of Heart, Lung, and Blood R01 HL38899 and C06 HL39745 to G.L.L. 
and by a March of Dimes Birth Defects Foundation Predoctoral Fel- 
lowship to R. M.N. 
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target DNA (2). The target DNA is made single- 
stranded either by subcloning into a single-stranded 
phage vector such as M13 (3) or by enzymatic construc- 
tion of a gapped duplex plasmid (4,5). Enzymatic DNA 
synthesis and ligation (in vitro or in vivo) completes the 
second strand. Selection for double-stranded mutant 
DNA molecules follows in vivo propagation of the muta- 
genized vector in a bacterial cell host. While such meth- 
ods allow reliable production of mutated DNA se- 
quences, they are inconvenient in requiring the 
construction of specialized hybrid DNA molecules to en- 
able mutagenesis. Some methods also require complete, 
accurate synthesis and ligation of a lengthy DNA strand 
upon a single -stranded circular template before the bio- 
logical propagation of useful recombinant DNA. Fur- 
thermore, while enrichment procedures have been devel- 
oped that favor synthesis of the mutant DNA (6-8), 
wild-type DNA is always produced at significant levels 
in these systems, necessitating careful screening and iso- 
lation procedures to obtain mutant clones. 

Recently PCR 3 has been used to introduce mutations 
at the 5' ends of amplified segments of DNA to facilitate 
cloning (9) and for mutagenesis of the carboxy-terminal 
amino acid sequence of an expressed protein (10). Hi- 
guchi et ai (1) have described a mutagenesis technique 
that takes advantage of PGR to produce mutations any- 
where in a DNA fragment without the drawbacks of ear- 
lier methods of site-specific mutagenesis. The method of 
site- specific mutagenesis we describe is also a modifica- 
tion of the polymerase chain reaction (11). The unique 
elements of this method are two related oligonucleotide 
primers: (i) a hybrid primer composed of a 3' segment 
complementary to a region of the cDNA to be amplified 
and a 5' segment whose sequence complements neither 
target cDN A strand, and (ii) an oligonucleotide primer 

3 Abbreviations used: PCR, polymerase chain reaction; Taq, Ther- 
mus aquaticus; RFLP, restriction fragment length polymorphism. 
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TABLE 1 



Oligonucleotide Primers Used for PCR Mutagenesis and for DNA Sequencing 



Primer 


Sense 0 


cDNA correspondence b 


Sequence 


A 


Forward 


1991-2009 


5'-GGCCACATAGCTGGGTGGC-3' 


B 


Inverse 


2178-2197 


5-GGGGTACTAGTAACCCGGGCATAAGCAGAGAAAAGATGCC-3' 


C 


Forward 


1393-1410 


5-CGGAAAATGGATTGCTGG-3' 


D 


Inverse 


None 


5-GGGGTACTAGTAACCCGGGC -3* 


E 


Forward 


1866-1883 


5 '-CATCTGG A ATTTAG AGTC- 3 ' 


F 


Inverse 


2178-2197 


5'-ATAAGCAGAGAAAAGATGCC-3' 



° Primer sense is in relation to the human protein S cDNA coding strand. 

° Numbering of Hoskins et aL (13). Asterisk indicates the position of the directed mutation (C G). Underlined bases comprise the Alu\ 
recognition sequence. 



identical to the 5' segment of the hybrid primer. Neither 
singie-stranded cloning vectors nor gapped duplex DNA 
formation is required. Rather, the single-stranded DNA 
is provided by heat denaturation of double-stranded 
template during PCR cycling. Only a limited region of 
DNA is enzymaiically replicated by DNA polymerase 
during mutagenesis. Moreover, our method allows rapid, 
specific production of microgram amounts of mutant 
DNA, with no significant contamination by wild-type 
molecules. The simultaneous production of several 
mutants in a defined region of DNA can be achieved by 
running parallel PCR reactions differing only in the 
mutagenic oligonucleotide primer used in the first am- 
plification step. Subsequent steps and primers remain 
the same to make any mutant construct in the region. 
Confirmation of the mutation can be performed on the 
amplified product itself, or after cloning the product into 
a suitable plasmid vector. 

MATERIALS AND METHODS 

Oligonucleotide primer design and synthesis. All oli- 
gonucleotide primers were synthesized using 0-cyano- 
ethyl-phosphoramidite chemistry on an Applied Biosys- 
tems 381 A DNA synthesizer (trityl-on) and purified and 
detritylated on an oligonucleotide purification column 
supplied by the manufacturer. Primer sequences were 
based on the known sequence of human protein S cDNA 
(12,13). The primers required for PCR mutagenesis (Ta- 
ble 1) consisted of (A) a forward mutagenic primer with 
a single-base mismatch; (B) a reverse hybrid primer 
downstream of an Sstl restriction site, composed of a 3' 
20 nucleotide sequence complementary to the cDNA in- 
verse strand, and a 5' 20 nucleotide unique sequence; (C) 
a forward primer upstream of a Sail restriction site; and 
(D) a reverse primer of identical sequence to the 5' 20 
nucleotide half of primer C. Two additional primers (E 
and F) complementary to opposite strands of template 
DNA and flanking the Sall/Sstl -bounded region were 
synthesized for sequencing the mutagenized product 
DNA in pD5HPS2. pD5HPS2 is a 6.4-kbp mammalian 



cell shuttle expression plasmid derived from pDX (14) 
containing the entire coding portion of human protein S 
cDNA. 

PCR mutagenesis. PCR steps were carried out with 
GeneAmp (Perkin-Elmer Cetus) in 100-/d volumes us- 
ing 2.5 units of Taq polymerase for each reaction. The 
PCR cycles were 2 min at 95°C to denature the template 
DNA, 2 min at 37°C to aj lo w primers to anneal, and 3 
min at 72°C for DNA extension, with incubations per- 
formed in separate water baths at the indicated tempera- 
tures. DNA quantitation was based on absorbance at 260 
nm, with 1 absorbance unit in a 1-cm light path approxi- 
mating 50 Mg/ml double-stranded DNA and 33 fig/m\ 
single-stranded DNA. Molar concentrations were calcu^ " 
lated using an average of M r = 330 for dNMP. The 
method is outlinecLrfTF^^ The Step 1 reaction con 
tained 100 pmol ea^ESjgrlmers A and B and 1 jmbjko ' 
Pst\ Unearize4^^HPS2 
expected 227-bp^product of this step was extracted froml 
a 3.5% polyacrylamide gel following elecjxojxhoresis asl 
described (15) and used as the primer foCStep. j ^In s ub- 
sequent experiments we have found that ge LsUiiBZiiio^ 



of the Steplproduct is ujmecessary. T he Step 2 react ion 



fm oi of Pstl linearized pD5HPS2 a nd was run as a singl e 
cycle^f5jnjnj^ 



Primers C and D were then added (100 pmol each), anc 
30 additional PCR cycles completed. The final 825-bp 
product was phenol extracted, ethanol precipitated, anc 
digested sequentially with Sstl and Salt. The resulting* 
227-bp fragment was extracted from a 1% low melt aga- 
rose gel following electrophoresis as described (16) and 
cloned into the parent vector in place of the correspond- 
ing wild-type 227-bp Sall/Sstl fragment. This mutant 
plasmid was used to transform Escherichia coli RR1 
cells, and resulting transformants were selected on LB 
agar plates containing 50 jig ampicillin/mL Plasmid 
DNA was prepared as described (17), digested with Alul 
in the presence of RNase A, and analyzed by gel electro- 
phoresis. One clone's plasmid DNA was sequenced 
across the entire amplified insert. 
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DNA sequencing. Sanger dideoxynucleotide sequenc- 
ing was performed using T7 DNA polymerase (Seque- 
nase, United States Biochemical Corp.), as modified 
(18). The reactions were performed with double- 
stranded plasmid DNA as template, [a- 32 P]dATP, and 
with oligonucleotide primers complementary to regions 
of cDNA flanking the PCR-mutagenized insert DNA 
(Table 1). Sequencing reactions were electrophoresed on 
a 6% acrylamide/7 M urea gel and exposed to X-ray film 
overlayed with a DuPont Cronex Plus intensifying 
screen. Sequences were analyzed with the computer pro- 
gram Bestfit in the Genetics Computer Group Sequence 
Analysis Software Package, Version 5.3 (University of 
Wisconsin Biotechnology Center). 

RESULTS 

The first PGR amplification (Step 1 in Fig. 1) pro- 
duced 80 tig of a DNA fragment near the expected size 
of 227 bp, corresponding to a length of human protein S 
cDNA bounded by the 3' end of primer A and 5' end of 
primer B (Fig. 2). Electrophoresis of the product of Steps 
2 and 3 showed the expected 825-bp fragment (Fig. 2), 
with a 75-^g yield. Upon sequential digestion with Sstl 
and Sail followed by electrophoresis, the 825-bp product 
showed the expected cleavage pattern, and the resultant 
227-bp fragment comigrated with the corresponding 
fragment produced by digestion of pD5HPS2 with the 
two enzymes (data not shown). 

Ten of thirteen RR1 colonies picked after transforma- 
tion with the vector into which the PCR-mutagenized 
fragment had been cloned in place of the wild-type frag- 
ment showed the expected RFLPs upon A/uI digestion 
of miniprepped plasmid DNA (Fig. 2). Sequencing 
across the entire amplified insert using two flanking 
primers from opposite directions confirmed that the mu- 
tant molecule had the expected cytosine to guanine base 
change at position 2000 in the human protein S cDNA 
sequence (Fig. 3). Other than this directed mutation, the 
sequence of the 227-bp insert was identical to the normal 
human protein S cDNA sequence. 

DISCUSSION 

The method of PCR-enabled site-directed mutagene- 
sis described in this paper requires no special vector or 
gapped duplex plasmid preparation. The variety of mu- 
tations that can be made by this method (including in- 
sertions and deletions) is limited only as are other oligo- 
nucleotide-directed site-specific mutagenesis techniques 
by the ability of the mutagenic oligonucleotide to direct 
the desired sequence change. In addition to the single- 
base change detailed above, we have made deletions and 
insertions of three nucleotides using the same procedure 
(data not shown). The key to specific amplification of 
the mutation-containing strand at Step 3 (Fig. 1) is the 
unique sequence in primers B and D. Primer D will not 
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FIG. 1. Schematic illustration of PCR mutagenesis. Polarity o 
template DNA strands is indicated. Synthetic primers indicated b; 
closed rectangles are label ed A-D ; corresponding t o the pri mers liste 
in Table 1. Key: P rimer A ,E « \ primer B t ||IIIII&££&4 ; primer C 
Jggggg; primer D, EOOOfl . Relative sizes of DNA strands and primer 
and position of restriction endonuclease sites are not to scale. Restric 
tion sites shown are pertinent to the specific case described in the texi 
Dashed lines indicate nascent DNA synthesis by Taq DNA polymei 
ase following the indicated priming event. Circles (open and closed 
show the directed mutation. Noncomplementary DNA at the site c 
mutation is shown by triangular indentation of the template stram 
Only relevant DNA strands present in the reaction mixture are show 
at each step. Step 1 uses the complementary 3' portion of the hybri 
primer B and the mutation-directing primer A to amplify a fragmen 
with the desired mutation near its 5' end. Step 2 uses this product t 
prime a single elongation from the inverse strand that extends up 
stream. Priming probably does not occur with the cDNA sense stran 
of the Step 1 product since the 3' 20 nucleotides of this strand are nt 
complementary to the template DNA and will not provide the requ: 
site 3 'hydroxy! terminus for Taq polymerase- Step 3 begins wit 
primer C initiating elongation using the Step 2 inverse product as ten- 
plate. Finally, primer D and primer C together selectively amplify th 
mutated DNA internal to them. Primer D's unique sequence will on! 
prime synthesis from DNA containing the complement to this s< 
quence T such as that extended from the hybrid primer B in Step 
arid present as template for the amplification in Step 3. The result 
exclusive amplification of mutant double-stranded DNA. 
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FIG. 2. Electrophoretic analysis of PCR mutagenesis products on a 
3.5% polyacrylamide gel. Lane 1, 0x174 RF DNA fragments, with sizes 
indicated in base pairs; lane 2, Step 1 (Fig. 1) product; lane 3, Step 3 
product; lane 4, Alul digest of pD5HPS2; lane 5, Alul digest of 
pD5HPS2 containing the Satt/Sstl fragment of the PCR-mutagenized 
DNA in place of the corresponding wild-type fragment. Arrows show 
bands involved in the Alul RFLP in lanes 4 and 5. 

anneal to the unmutagenized strand, but will anneal to 
the product of the first amplification, which will have 
incorporated the desired mutation. This system allows 
exclusive amplification and production of mutant DNA 
molecules, with no propagation of unmutagenized DNA. 
Because only the relatively short stretches of target 
DNA defined by the outer primers are subject to enzy- 
matic replication, random polymerization errors are un- 
likely to introduce unwanted sequence changes. The 
small amount of Step 1 product required for subsequent 
steps could be amplified in well under 30 cycles, thereby 
shortening the overall time required for mutant 
production. Moreover, while gel purified Step 1 prod- 
uct was used for the mutagenesis described in this re- 
port, in several subsequent experiments we have used 
crude, phenol extracted Step 1 product to prime Step 2, 
with no apparent effect on mutant yield (data not 
shown). We speculate that the successful production of 



mutated DNA molecules in the absence of intervening 
purification steps is due in part to a preponderance of 
the desired product following the Step 1 amplification 
(see lane 2 of Fig. 2), and in part to the specificity of the 
Step 3 amplification. 

PCR mutagenesis is applicable to any double- 
stranded template of sufficient size to accommodate the 
upstream and downstream primers flanking a target site. 
The presence of restriction endonuclease sites bounding 
the region are also necessary for subsequent cloning. In 
most cases suitable sites can be identified in the target 
DNA. In our case, unique Sail and Sstl sites allowed easy 
isolation and ligation of a subfragment of the PCR-mu- 
tagenized DNA back into wild-type plasmid. If such re- 
striction sites are lacking in a desired region of target 
DNA, they could be introduced with base change muta- 
tions that would not affect the amino acid sequence of 
the resultant protein. While the DNA amplified in our 
experiments was 825 bp, successful amplification of 
DNA larger than 2 kbp by PCR (11) indicates that PCR 
mutagenesis could be likewise flexible, increasing the 
probability of locating endogenous restriction sites for 
convenient subcloning of the mutagenized product. 

An additional advantage of the reported method is 
that once the flanking upstream primer (C in Fig. 1) and 
two downstream primers (B and D) have been synthe- 
sized defining a region of target DNA, any desired muta- 
tion within this region can be made using PCR mutagen- 
esis with the additional synthesis of only a single 
mutation -directing oligonucleotide. The method of PCR 
mutagenesis described by Higuchi et al (1) requires the 
synthesis of two oligonucleotides to make each addi- 



1 2 




5 -GCCACATAGCTGG-3 5 '— CCAGCTATGTGGC —3 

FIG. 3. Sequencing gels showing the sequence of human protein S 
after PCR mutagenesis- The sequences of gels 1 and 2 were derived 
from opposite DNA template strands using primers E and F (Table 
1), respectively. Sequences shown below the gels were read from the 
bands marked with arrowheads. The directed C to G base substitution 
at position 2000 in the cDNA sense strand is marked with large arrows 
in the gels and with asterisks in the sequence listed below each gel. 
See text for procedural details. 
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tional mutant construct. Furthermore, diafiltration of 
excess primers is required to ensure specific amplifica- 
tion of the desired products. Our use of two primers con- 
taining a sequence not found in the target DNA (primers 
B and D in Fig. 1) avoids this problem. 

Although screening for mutants after transformation 
of E. coli cells with mutagenized plasmid can be per- 
formed by RFLP analysis when a polymorphism has 
been introduced by the directed mutation, this may be 
unnecessary. The high efficiency of mutant production 
by PCR mutagenesis combined with electrophoretic 
characterization of the products of the first and second 
amplification steps (Steps 1 and 3 in Fig. 1) provide 
sufficient confidence that mutagenesis has succeeded to 
permit immediate confirmation by DNA sequencing. 
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